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Summary Program, which is investigating the potential benefits
and trade-offs of advancements in aerodynamic effi-
The configuration investigated in this study is the CI€NCy, structures and materials, propulsion systems,
high-lift Technology Concept Airplane (TCA), which and stability and f:ontrc_)l requirements applied to
is the current baseline configuration of the High Speed@dvanced supersonic cruise aircraft concepts. The con-
Research (HSR) Program. This study investigates thdiguration investigated in this study is the Technology
effects of model supports and tunnel walls on the flow Concept Airplane (TCA), which is the current baseline
field during takeoff conditions. Experimental data Of the HSR Program. The TCA is also the second
were obtained at2° > a > 32°; however, this study Paseline configuration used in the HSR program, and
mainly focuses or6° > a > 12°, which bounds the Postdates the initial Reference H configuration.

design angle of attacki] for takeoff. The experimen-

tal data used in this study were acquired in the  The present investigation deals with one important
Langley 14- by 22-Foot Subsonic Tunnel at a Mach aspect of the development and testing of a super-
number of 0.24 and a Reynolds number per inch ofsonic transport: the need to be able to accurately
1.4x 10°. The objective of the test was to optimize the predict characteristics of configurations from wind-
takeoff and landing performance of the configuration tunnel data. In any wind-tunnel-computational-fluid-
by varying the control surfaces. The model was inStrU-dynamiCS (CFD) data Comparison, one must be aware
mented with upper and lower pressure ports to mea-of the interference effects from tunnel walls, model
sure pressure distributions that were used to aid insupports, and any other obtrusive hardware, which
code calibration. In any wind-tunnel-computational- could affect the flow. Ideally, there should be minimal
fluid-dynamics (CFD) data comparison, one must be wall and model support interference so that these
aware of interference effects from tunnel walls, model geometries do not have to be incorporated into the
supports, and any obtrusive hardware, which couldcomputational grid. Modeling the post mount and
affect the flow. IdeaIIy, there should be minimal wall wind-tunnel walls is a grid-intensive1 time-consuming
and model mount support interference so that theseprocess, and flow solver convergence problems can
geometries do not have to be incorporated into thegccur. The flow physics generated by the post can
CFD simulation. require many iterations to resolve the flow field to a
steady-state condition. The present study was per-
Because of the size of the support post and itsformed to determine how significant the effects of the
potential for generating wake flow, the TCA configu- model support and tunnel walls can be for an HSR
ration was also modeled with the post. The postconfiguration that was recently tested in the Langley
support effects were not discovered while previously 14- by 22-Foot Subsonic Tunnel. These modeling
testing the Reference H configuration (which used theeffects were achieved by using currently available
same post) because the lower pressure ports wer€FD codes and then comparing the results with the
confined only to the leading-edge part of the wing. wind-tunnel data. The post may contribute to an
However, the pressure field produced by the post wasunsteady flow field depending on how the pressure
discovered while testing the TCA high-lift model, field behind the post interacts with the rest of the flow.
which had a significant number of lower surface pres- The computations performed in this study are for
sures across the wing span. The experimental pressurgteady-state conditions; therefore, any deviations
distributions revealed a flow field characteristic of an between experiment and computations due to flow
upwash, especially in the vicinity of the post support. unsteadiness cannot be accurately quantified.
Thus, to accurately simulate the flow field, the post
had to be modeled. To complete the CFD simulation,
the tunnel walls were added to examine the interfer-
ence effects of both tunnel walls and post support.

This present study investigates the characteristics
of the TCA takeoff configuration at a Mach number of
0.24, a Reynolds number per inch of X410° at
. design and off-design angles of attack. For efficient
Introduction supersonic cruise, the aircraft must have highly swept,

low-aspect-ratio wings; however, this type of configu-

This present investigation was undertaken in ration is typically inefficient in the subsonic flight
connection with the High Speed Research (HSR)regimes. During takeoff and landing, the flow



separates from the leading edge of the wing and a vorRe_
tical flow field develops on the upper wing; this
causes an increase in drag. The additional thrustS
required from the engines to overcome the increased
drag and the low-speed performance deficiencies genx.\y,z
erates an unacceptable high level of engine noise. The
environmental impact of the engine-generated noiseX/C
can be minimized by reducing vortex flow separation ,
which maximizes the takeoff lift-to-drag ratio (L/D). Y
This is accomplished by incorporating special leading-
and trailing-edge devices or attached-flow flaps onto
the aircraft. The level of accurate prediction (using a Y/(b/2),
validated viscous numerical method) of the subsonic
flow field about an HSR model with deployed ©
leading- and trailing-edge flaps is the main focus of
this paper. As stated in reference 1, “validation is OLe
defined as the process of determining the degree to
which a model is an accurate representation of the real
world from the perspective of the intended uses of the™TE
model.” In validation studies, accuracy is measured
with respect to experimental data.

Reynolds number per unit length, 1/in.
reference area, #n

body axis coordinates, in.

fraction of local chord

law-of-wall coordinate,
[(pTw)° M (ReL/M.)0 Y

fraction of local semispan
angle of attack, deg

leading-edge flap deflection angle (positive
down), deg

trailing-edge flap deflection angle (positive
down), deg

M molecular viscosity coefficient, Ib-secfin
Symbols p density
b wing span, 78.24 in. Ty shear stress at wall
Cp drag coefficient,—-——[(;r"’lsg Abbreviations:
Lift CFD computational fluid dynamics
C. lift coefficient, g S
oo HSR high-speed research
Cn pitching-moment coefficient abo@t5¢ _
(positive nose upfltchlggsr[;oment LE leading edge
T)_ D MAC  mean aerodynamic chord
C static pressure coefficient——
P .
Uoo MBL  model buttline
o] local chord, in. )
MFS model fuselage station
c mean aerodynamic chord, 56.97 in. MW megaword
Jmax largest grid index in direction TCA  Technology Concept Airplane
Jmin smallest grid index ipdirection TE trailing edge
M free-stream Mach number WL water line
p static pressure, psi Subscript:
q dynamic pressure, psi 00 free stream



Experimental Apparatus and Model tunnel model makes this transition abruptly, which
Description results in a sharp step; however, the numerical model

uses a linear interpolation over a region of 0.30 in. to
smooth this sharp transition region and to simplify the
grid generation. The grid did not model the spaces
between the leading-edge flaps when they were
deflected for takeoff. The wind-tunnel model was also
blended in this region with a filler material. The pres-

The wind-tunnel data used in this study were
obtained in the Langley 14- by 22-Foot Subsonic
Tunnel, which is a closed-circuit, single-return
atmospheric tunnel. The test section is 14.5 ft high by

21.75 1t wide and was configured with closed walls sure port locations on the TCA are shown in figure 2.

and ceiling for this test. A more detailed description of The upper surface ports are on the right wing, and the

the wind tunnel is given in reference 2. The wind- IPwer ports are on the left wing. The experimental
tunnel data (surface pressures and force and momen o . .
ressure distributions at the eight designated model

data) were obtained at a nominal free-stream dynami : . .
pressure of 0.60 psi, which produced a test Mach num_uselage stations (MFS) and six model buttiine sta

. ) : o tions are used to compare with the computational
ber of approximately 0.24 with slight variations due to results P P
temperature changes and a test Beapproximately '

14x10° per inch. Table 1. Geometric Characteristics of Wing Model

A three-view sketch of the model is presented in Wlng aspect ratio. ... 2.027
flgure l The model was equ|pped Wlth Slmple_hlnged Reference area,zﬂ: ........................... 21.25
flaps at the leading and trailing edges, which were Outboard LE sweep,deg . ... .. 71

Inboard LE sweep,deg ............ ... 52

designed to produce attached flow at design condi-

tions. The model WaS Composed Of tWO Ieading_edgec,ln. ...................................... 56.97

flaps, which separated at the crank when deflected.l\sﬂzzr;’l 'Ir;'n th iln """""""""""""""" 179%264
The model had two inboard trailing-edge flaps and MM N '
- . A coTaperratio . ... 0.0664
two outboard trailing-edge flaps. The design high-lift Outboard break chord MES 122 68 MBL 24.02
configuration for takeoff was defined when the 50-percent MAC, in. .. ........  MES 115,24
leading- and trailing-edge flaps were deflected at Tip chord, in. . . ................................................. 5.11

O g =30 and drg = 10, respectively. The takeoff
design configuration for the TCA is the main focus of A photograph of the model mounted in the

this investigation. This study addresses the following Langley 14- by 22-Foot Subsonic Tunnel is shown in
case scenarios tested in the 14- by 22-Foot Subsoni(ﬁgure 3. The model is a 5-percent scale-down version
Tunnel: of the full-scale high-lift TCA configuration. The
. _ _ model was mounted on a post, which had a pitching
(1) TCA wing-body without post support (free air)  mechanism to allow for different angle-of-attack
conditions. The drawings shown in figure 4 show the
(2) TCA wing-body with post support dowel pin assembly used to attach the post to the inter-
nal balance. The location of the pitch mechanism or
(3) TCA wing-body with post support and tunnel |ink is also labeled in the figure. A six-component
walls strain-gauge internal balance measured the forces and
moments. A spring-loaded sliding seal was fitted to
Because the model was sized for the 14- by 22-Foothe inside of the model to minimize the opening
Subsonic Tunnel, tunnel wall effects were expected toaround the post support. The model and post support
minimally impact the flow about the model. assembly were mounted on a turntable which provided
for sideslip variation. Corrections were applied to the
Table 1 presents the geometric characteristics offree-stream dynamic pressure to account for model
the model. The wing is projected to the centerline to and support system blockage. Corrections were also
determine reference area. The wing thickness makes applied to model force and moment data to remove the
transition from a blunt leading edge to a sharp leadingeffects of the tunnel walls, post support system, and
edge at the planform break, which is located atflow angularity. Grit was used on the forebody to
24.02 in. at the model buttline (MBL). The wind- force transition of fuselage boundary layer. There was
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no guarantee that the flow over the wing was turbu-the boundary condition setup for the trailing-edge
lent, and no grit was applied to the wing. An assump-flaps.
tion that the entire flow field was turbulent was made

in the calculations. The grid for the TCA with the post was generated
by inserting the post grid into the free-air grid by using
the chimera technique. Three angle-of-attack condi-
tions were investigated, and for each case a separate
grid was generated. To ease the grid generation pro-
The grids used in this study were provided by the cess, the post was rotated counterclockwise $06°,
Langley Geometry Laboratory (GEOLAB). Each grid 8° and 10 before it was inserted into the free-air grid.
was generated in several stages. First the InitialThe model was pitched up to be properly aligned with
Graphics Exchange Specification (IGES) data werethe post for each angle of attack. The rotation was
read into the Integrated Computer-Aided Engineering specified in the CFL3D’s input file as the angle-of-
and Manufacturing (ICEM) (ref. 3) software system attack condition; this rotated the model and post
where the grid block topology is set up and the coarseto their respective positive angles of attack. This
Euler volume grids are generated. The block faces argnultiblock grid contained 28 blocks with the post. A
then refined by GRIDGEN2D (ref. 4) (an interactive global view of the TCA configuration mounted on the
software program used to generate grids) to ensureost is shown in figure 6, and the grid contained about
smoothness and orthogonality. Additional grid points 6.5x 1P points.
are distributed in the boundary layer to satisfy the
viscous spacing requirements, and the volume grids
are generated accordingly.

Computational Grids

The post support is surrounded by an intermediate
block, which has a grid distribution comparable with
the surrounding global grid to facilitate interpolation
The MultiGeometry Grid Embedder (MaGGIE) of the overset region. Because the walls were not
code (ref. 5) is used to determine the interpolation being modeled in this particular case, the post needed
information between grids. The grids for the post to be extended out into the far-field grid and gradually
support and tunnel walls were generated with atapered off to a singularity line to minimize any inter-
hyperbolic grid generator (HYPGEN) (ref. 6). The ference effects in surrounding flow field. Essentially,
HYPGEN program is used to generate a three-the post geometry for this particular grid was simu-
dimensional volume hyperbolic grid over a known lated up to the forward-facing step (fig. 4). The grid
single-block surface grid by using the three- did not model the indentation on the backside of the
dimensional hyperbolic equations. In order to incorpo- post where the pitch link was inserted. Below the step,
rate the post support and tunnel walls in the calcula-the conical shape of the post was flattened until it
tions, the chimera technique was used, which allowsgradually became a line at the symmetry plane. (See
grids with different topologies to overset each other. fig. 7.) The post grid interfaces with the lower fuse-
lage, intermediate grid, and surrounding volume grid

The surface and volume grids of the 5-percent and is shown in figure 8. The circles represent the
scale high-lift TCA free-air configuration were gener- Intermediate grid, the asterisks represent the post grid,
ated first. The surface grid plotted with the symmetry @nd the grid lines shown in the symmetry plane repre-
plane is shown in figure 5. The model used for the sent the surroundm_g volume grid. The grid lines adja_-
surface grid was composed of the wing-body only, c_ent to the lower wing (show_n as a shaded surface in
neither empennage nor nacelles were included. Thdi9- 8) are part of the lower wing-fuselage surface and
forebody has a C-O topology and the wing and wakeWas not shaded so that the overlapping of the grid
regions have a C-H topology. The grid is composed oflines would clearly be seen.

26 blocks, 53 point-to-point matching interfaces, and

3 patched boundaries. The entire volume grid contains  The next grid that was generated modeled the
over 6x 10° points. A blocking arrangement was used wind-tunnel walls in addition to the post support. A
similar to the one on the Reference H configuration Cartesian wind-tunnel grid was generated in place of
(ref. 7). This blocking strategy maintained point-to- the far-field boundary, and the grids of the model
point continuity across grid boundaries and simplified and post were overset onto this domain. The holes
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generated in the volume grid by the chimera schemefrom the centerline, and 7 downstream of the after-
are shown in figure 9 (which plots every other grid body. The conditions of no-slip and impermeability
point), which depicts where the grid points have beenwith zero normal gradient for pressure and tempera-
blanked out around the model and post support.ture are imposed at the solid boundaries. Symmetry
Unlike the previous volume grid, which had a compa- conditions are used along the vertical plane of symme-
rable grid distribution to the intermediate grid, the try for the semispan grids. One-dimensional character-
Cartesian wind-tunnel grid varied more in cell size, istic inflow-outflow boundary conditions are used in
aspect ratio, and orientation with respect to the inter-the far field. Flow-through boundary conditions are
mediate grid, which surrounded the post. The differ- specified between the trailing-edge flaps.

ences in these block topologies made the chimera

interpolation more challenging, and the gridding  The location of flow transition on the wing
around this area (wind-tunnel wall, intermediate grid, was not experimentally determined and therefore
and post) had to be redistributed several times beforenknown. Hence, as previously stated, a fully turbu-
the resulting interpolation values were within the |ent flow was assumed for all the calculations. The
specified tolerances. A detailed view of the oversetfield equation turbulence model of Spalart and
grids for the post and wind-tunnel case is shown at thealimaras (ref. 10) was attempted, but a converged
symmetry plane in figure 10. Because the wind-tunnelsolution was unable to be obtained. The algebraic
walls were simulated in this case, the post geometryturbulence model developed by Baldwin and Lomax
was modeled to the correct height and diameter beforgref. 11) was used instead, and for the separated flow
it was overset onto the tunnel floor. This is shown in regions, the method of Degani and Schiff (ref. 12) was
figure 11. The volume grid of the post support mod- ysed to determine the proper length scale for the tur-
eled in the wind tunnel contained 29 blocks and pulence model. The turbulent viscous terms were cal-

approximately 5.6 10° grid points. culated normal to the surface for the post and TCA
wing-body numerical geometries. The wind-tunnel
Computational Method walls were modeled inviscidly.

The subsonic flow field about the wing-body Solution Convergence
high-lift TCA configuration was simulated with
CFL3D. This code solves the Reynolds averaged,  All computations were performed on the Numeri-
thin-layer, three-dimensional, time-dependent, com- cal Aerodynamic Simulation (NAS) Cray-2 computer,
pressible Navier-Stokes equations in conservation lawwhich is located at Ames Research Center. Solution

form. More details about the computational method convergence was accelerated by using three levels of
and the code can be found in reference 8. The interpomultigrid on the finest mesh only. The mesh-

lated coefficient values between the patched interfacessequencing approach could not be used for the
were determined by using RONNIE (ref. 9). The over- chimera interpolation. The TCA grid in free air had
set interpolated values were obtained with the code approximately 6.6« 1P points, the TCA grid with the
MaGGiE. post had 6.5 1P grid points, and the TCA grid with
post support and wind-tunnel walls had 5610
Viscous cell spacing normal to the forebody, points. Since the far field of the grid was reduced to
wing-fuselage-afterbody, and wake region was the tunnel dimensions, less points had to be used to
2 x 1078, which is required foy* = 1.0 to accurately  define the tunnel volume grid. The memory required
simulate the viscous boundary layer for turbulence. Ato run each solution ranged from approximately 250 to
single exponential function was used for the grid 280 MW. The average run rate for the CFL3D code
expansion in the normal direction. To minimize the with MaGGIE was about 1{sec/iteration/cell. The
total number of grid points, inviscid spacing was used C, history plots atr = 8 are shown in figure 12 for
at the tunnel walls and at the side of the trailing-edgethe TCA wing-body configurationin free air
flaps. The grid spacing at the side of trailing-edge (fig. 12(a)), with post (fig. 12(b)), and with post and
flaps is (7.3x 10°%)¢. The far-field boundary (wind ~ wind-tunnel walls (fig. 12(c)). As evident from fig-
tunnel not modeled) extends approximately ¢5.8 ures 12(b) and (c), the post and walls introduce addi-
upstream of the fuselagec5 circumferentially away tional flow physics which take longer to resolve;
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therefore, calculations were performed over more iter-the computational free-air case occursuat 12°, a
ations than for the free-air case (fig. 12(a)). The oscil- difference of approximately 0.03. Interestingly, the
lations occur over a larger amount of iterations onceuncorrected and corrected test data are essentially the
the post is introduced,; this leads one to suspect that theame value at this angle of attack. The greatest differ-
solution did not completely converge because of someence inCp also occurs att = 12°,where a difference
flow unsteadiness. The oscillatory behavior for the of about 0.01 or 10 drag counts exists between the
post case was expected to increase once the windeomputed and corrected test value. The greatest
tunnel walls were added. Because convergence couldliscrepancy irC,, occurs at the lower angle of attack,
not be expected without lengthy and costly computera = 6°.
time, the solution for the post and tunnel walls was
stopped at about 1800 iterations. The residual  Obtaining measurements of surface pressures is
decreased by 3 orders of magnitude for the free-airvery desirable, especially when comparing with CFD
case and 2.5 orders of magnitude for the post supportiata, because it helps to validate the numerical method
and wind-tunnel wall case. used. The surface pressure coefficients are calculated
with the corrected) values. As shown in figures 14,
15, and 16, experimental surface pressure coefficients
are presented along with the computed model results
simulated in free air and with post. The post effects
Experimental forces, moments, and surface pres-gramatically impact the upper and lower surface pres-
sures are compared with computational data. Thesyre distributions and show that while the forces and
I’eSU|'[S Of the Wing'bOdy TCA h|gh'l|ft Conﬁguration moments may be reasonably predicted’ the ﬂOW phys_
in free air, with post, and with post and wind-tunnel jcs are not being correctly captured. As expected, the

walls are presented. To aid in pressure contour clarifi—greatest post effects are seen in this vicinity of the
cation, the upper and lower surfaces of the TCA arepgst.

shown in gray-scale, and the contour lines are labele

to prOVide detailed quantitative information. Surface A few of the more noteworthy stations are exam-
streamlines and total pressure contours in the nearined. A very obvious effect of the post is seen on the
wake region of the model are computed and greatlytop and bottom of the TCA surface, at= 112.0,
contribute to the understanding of the flow physics for 120.0, and 125.5 in.; this is clearly seen in fig-
this high-lift TCA configuration. ures 14(a), 15(a), and 16(a), respectively. In the
streamwise direction, the stations yt= 6.0 and
The wind-tunnel test measured forces and 15.0in. (figs. 14(b), 15(b), and 16(b)) show the large
moments for-2° = a = 329 and these curves are effect the post has on the pressure coefficient distribu-
shown at the top of figures 13(a), (b), and (c). For thistions. Ata = 10, a relatively large suction peak is
wide range of angle of attack, one can see the overalhoted atx = 100.5 at approximately 80 percent span
performance features of the model. The simulatedand propagates downstream. This vortex, which is
free-air cases were performed at= 6°, 8°, 10°, greater in magnitude than the ones formed at 6°
and12° and compared with the corrected and uncor- and 10, continues to propagate downstream; this sug-
rected experimental data. These angles of attack wergests that the upwash from the pressure field created
chosen because they bracketed the design takeofby the post is increasing with angle of attack.
angle (approximately°9 for the TCA. The corrections
normally applied to the tunnel data corrections appear  The post produces an increase in pressure on the
to be valid because they bring the uncorrected tunneinboard lower surface of the wing ahead of the post.
data into agreement with the computed free-air case. At and behind the post, the pressure on the lower wing
surface is reduced. This reduction results in decreased
A close-up view ¢ = 4° to 14) of each curve for  flow circulation about the wing because the pressure
C., Cp, andCy, (figs. 13(a), (b), and (c), respectively) increments between the upper and lower wing surfaces
clearly shows that the corrected experimental dataare less. The effect of the post can also be seen in
compare better with the computational free-air casethe off-surfacew-component of velocity plotted in
than the uncorrected experimental data. The largesfigures 17(a) and (b) at = 115 in. for the free-air
discrepancy irC; between the corrected test data and and post cases, respectively. For the post case, the

Results
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w-component of velocity is slightly higher below the computational pressure coefficients on the upper
wing which is evidence of a slight increase in upwash. surface. Figure 21(a) represents the free-air case,
This increase in upwash causes the flow to separatdigure 21(b) represents the model with post, and
sooner and a primary vortex develops further upstreanfigure 21(c) represents model with post and wind-
when compared with the free-air case. Hence, thetunnel walls. A noted difference is seen in the upper
relative local angle of attack has increased. The exacsurface pressures when the post is simulated. Compar-
location of the predicted vortex separation is depen-ing figure 21(a) with figures 21(b) and (c) shows dif-
dent on the turbulence model used. In the calculationsferences midway along the wing span. The post
the entire wing is assumed to be turbulent without anycreates an upwash, which causes lower regions of
laminar boundary layer regions. If a laminar region pressure when compared with figure 21(a). As shown

existed during the wind-tunnel test is unknown. in figure 22, the gradient associated with the post is
evident.
The wind-tunnel walls were included in the com- _
putational simulation for one angle of attackz 8°, The upper surface streamlines generated from
and computational spanwise and stream@selistri-  the computational solutions at = 8° are shown in

butions are compared with experiment in figure 18. figure 23 for the free air, post, and post with tunnel
Because of the time-intensive grid generation that waswalls. The separation and reattachment lines for the
required for every angle of attack plus the long solu- Primary and secondary vortices are labeled for clarity.
tion run time, no other conditions were run for the tun- The primary separation line, which cannot be seen
nel case. There are obvious wind-tunnel wall effectsbecause it is located at the leading edge of the wing, is
on the flow field. All the spanwise stations show not labeled for any case. The post and tunnel wall case
higher suction peaks occurring for the post and tunnelshow similar flow characteristics as the free-air case,
wall cases partly because of a channeling effect cause@nd they are labeled in the figure. Basically, the main
by the wind-tunnel walls. The increase in upwash pre-difference between the free-air case and the post cases
viously mentioned is greater in the post and wind- (with and without walls) is that the post cases show a
tunnel wall case than with the post alone. This upwashstronger primary and secondary inboard vortex.

would also cause a stronger vortex to develop in the

wind-tunnel case. This vortex is cIearIy shown in The total pressure contours in the wake region
figure 18(a) for all the spanwise statioxs<(86.5t0  (FS = 143 in.) for the free air and post support cases
133.0 in.), which predicted higher suction peaks for are shown in figure 24. This wake information clearly
the wind-tunnel case compared with the other two shows the impact of the post on the flow field. A
cases (free air and with post). larger and more expansive vortical system develops
midway in the spanwise direction on the wing for the
To determine how well the chimera method per- post cases. This effe_ct is clearly evident in many c_)f
formed, pressure contours are plotted across the overN€ pressure plots (figs. 14 to 18). For example, in
set regions of the grid, as shown in figure 19. At the figure 15 ax=100.5 in., a vortex does not even form
symmetry planey( = 0.0), the contours are continuous for the free-air case but is captured when the ppst is
across the grid blocks in front of the post. Behind the Modeled. Examination of the calculated flow field
post, the contours are less continuous, which indicatedtotal pressure contours) for the free-air case
that the flow field is unsteady in the wake behind the (fig- 24(2)) shows two pairs of tightly formed vortices,
post. The chimera interpolation at the top and bottomWhich develop around the two inboard trailing-edge
of the post shows a fair match among the contour lineg!@Ps. The post cases (figs. 24(b) and (c)) develop a
from block to block. As previously stated, the effect of €SS defined inboard vortical system.
wind-tunnel walls on the model flow field was mini-
mal as shown in figure 20. The computational pres- The overall performance characteristics of the
sures calculated on the wall opposite the symmetrycomputational solution, such as lift, drag, and pitching
plane as well as on the ceiling show little variation in moment, compare well with experimental data; this
pressure gradients. As expected, the high pressure granay lead one to assume that the flow field has been
dients are seen on the tunnel floor near the post supeorrectly simulated. Although the global flow features
port. Figure 21 depicts a more detailed view of the (forces and moments) for the free-air case compare
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well with experiment, the flow physics are not accu- sis of the computational surface pressures clearly
rately captured as evident in the pressure plot comparshow that the flow physics were not being properly
isons when modeling without the post. If one is trying modeled without the post; however, once the post was
to verify the ability of a code to predict the high-lift inserted using the chimera technique in CFL3D, very
flow around a high-speed civil transport, more corrob- good agreement with test pressure data occurred. Add-
orating evidence is needed to determine if the numer-ing the wind-tunnel walls to the post case also yielded
ics are predicting surface and off-body flows good code-to-test comparisons, and it is difficult to
accurately. Until this is done, the uncertainty one hasascertain if modeling the walls with the post was more
in predicting future flows for this type of configura- accurate than without the walls. This is due to the
tion is truly unknown. sparse placement of pressure ports on the model.

Concluding Remarks A code calibration study should account for any
wind-tunnel or model support interference effects if

The 5-percent Technology Concept Airplane deemed necessary. Therefore, a determination should
(TCA) wing-body high-lift model was simulated in be made early on whether the wind-tunnel walls or
free air, with a post, and with a post and wind-tunnel other protuberances in the flow need to be modeled by
walls. The wind-tunnel conditions were a Mach num- simulating the experimental setup with and without
ber of 0.24, and Reynolds number per inch of approxi-the potential flow obstructions. Obviously, if the
mately 1.4 x 10°. Experimental results at several model support system and/or tunnel walls only mini-
angles of attack were compared with the computa-mally affect the flow, then it may make sense to simu-
tional results obtained from a thin-layer Navier-Stokes late the model in free air, thus reducing the time and
code (CFL3D), which used the chimera technique toeffort spent on grid generation and on running the
incorporate components with different topologies. solution to convergence. For the prediction of overall
Modeling the TCA configuration in free air proved to performance such as forces and moments, modeling
be sufficient in capturing the global performance char- the TCA in free air appears to be sufficient. To capture
acteristics of the flow field and could confidently be the local flow physics, this study has shown that the
used for a quick assessment of the configuration forpost must be modeled; this is evident after comparing
preliminary design work. The computational forces the computational and experimental surface pressures
and moments compared well with experiment. Analy- with and without the post.
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Figure 1. Three-view sketch of high-lift TCA configuration. Linear dimensions are in inches.
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Figure 2. Pressure port locations on TCA. Dimension are in inches.
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Figure 3. TCA model in Langley 14- by 22-Foot Subsonic Tunnel.
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TCA model
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Figure 6. Outline of far-field boundary, post, and intermediate block.

15



I = imax

\ I =Imin
Singularity line

Figure 7. Close-up view of post grid, which shows end of post as singular jlinevan.
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Figure 13. Experimental and computational data of TCA configuratibh,at 0.24 and Re= 1.4x 10° per inch.

22



.10

.08

—&—— Experimental, corrected
---B--- Experimental, uncorrected

¢ CFD, free air

o =-4°to 32°

0 4 8 12 6 20 24 28 32
a

—©&—— Experimental, corrected
- - -E--- Experimental, uncorrected L 4

- 2 CFD, free air

o =4°to 14°

(b) Drag coefficient.

Figure 13. Continued.

23



C

20
A8

—©6— Experimental, corrected

16+ - -E--- Experimental, uncorrected

JdA-
A2+
A0
08—

06—

- < CFD, free air

o =-4°to 32°

—4 0 4 8 12 16 20 24 28 32

.010

.005

—-005
-.010
-015
—-020 q
-.025
—-030
-035

—-040

a

- ——O&—— Experimental, corrected jraf
- - -B- - - Experimental, uncorrected
i 2 2 CFD, freeair .

a =4°to 14°

(c) Pitching moment.

Figure 13. Concluded.

24



-25¢ .
b X=775in.
—20F

_5f _
; — CFD, freeair S post
---- CFD, with post

O  Experiment

®0 2 4 6 8 10
yl(bl2),

25 . —2.5F . F '
b X=286.5in. 3 x=100.51n. C x=112.0in.

~5f

23 = 12000 N x=1255in.
—20F '
~15F

c.-10F

20 2 4 6 8 10 0 2 4 6 8 10
yi(bi2), yi(bi2),

(a) Spanwise stations.

Figure 14. Experimental and computational results for TCA configuratiorr&’, M., = 0.24, and Re= 1.4x 10° per inch.
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Figure 15. Experimental and computational results for TCA configuratiorr&, M., = 0.24, and Re= 1.4x 10° per inch.

27



—— CFD, freeair 31_536'0
- - - CFD, with post 7 Jos 527.0
O Experiment :
)
— 15.0
-25¢
—20F
-15
Cp—l.o [

-5

-15

(b) Streamwise stations.

Figure 15. Concluded.

28



-25

X=77.5in.
20t
C )
A5E
cp—l.O :-
_5f |
s — CFD, freeair S post
o) S oo - - - CFD, with post
52 L . , O  Experiment
P02 4 6 8 10
yi(bi2),
25, _ 25¢ _ 25¢ .
X=86.5in. . x=1005in. q ; x=112.0in.
20t —20F 20F
“15f 15f 15f
Cp1Of CyrLof 510 §
_5L _5F 5}
of of of
S S0 "2 4 6 8 10 S0 2 4 6 8 10
yi(bi2), yi(bi2),
25, , 25¢ , 25 ,
. x=120.0in. x=1255in. x=133.0in.
20}
15}
cp—l.O :
-5}
0 [
S04 68 10 S072 4 6 8 10 S04 6 8 10
yi(bi2), yi(bi2), yi(bi2),

(a) Spanwise stations.

Figure 16. Experimental and computational results for TCA configuratordi®®, M, = 0.24, and Re= 1.4x% 10° per inch.
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Figure 17. Contours af-component of velocity extracted in cross-flow plang atl115 in.,a = 8, M, = 0.24, and
Req = 1.4x 10° per inch.
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Intermediate grid

Figure 19. Overset region depicting continuity of pressure contour lines. Post and intermediate grid overset onto surrounding
fuselage gridp = 8, M, = 0.24, and Re= 1.4x 10° per inch.
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Figure 20. Pressure contours on Langley 14- by 22-Foot Subsonic Tunnel waH8atM,, = 0.24, and Re= 1.4x 10° per
inch.
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(a) Free air.

(b) Post support.

/|

(c) Post support and wind-tunnel walls.

Figure 21. Upper surface pressure coefficients for TCA configuratiorr&®, M,, = 0.24, and Re= 1.4x 10° per inch.

37



(a) Free air.

(c) Post support and wind-tunnel walls.

Figure 22. Lower surface pressure coefficients for TCA configuratiar=a8°, M,, = 0.24, and Re= 1.4x 10° per inch.
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Figure 23. Upper surface streamlines depicted for free air, post support, and post support with wind-tunnel w&ls at
Me = 0.24, and Re= 1.4x 10° per inch.
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(a) Free-air.

(b) Post support.

(c) Post support and wind-tunnel walls.

Figure 24. Total pressure contours in near-wake region (MFS = 143 in.) for all three cases viewed from upstream positions at
a=8,M,=0.24, and Re= 1.4x 10° per inch.
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